Bioactive glass added to autogenous bone graft in maxillary sinus augmentation: a prospective histomorphometric, immunohistochemical, and bone graft resorption assessment
Introduction
Rehabilitation of fully or partially edentulous patients in the posterior maxillary bone region is frequently limited by bone quality and quantity, often requiring grafting techniques, especially when implantsupported prostheses are planned 7, 24 . Maxillary sinus bone augmentation using bone substitutes has been used as an alternative to reestablish the bone height of these regions 21 .
The autogenous bone graft has osteoconductive, osteoinductive, and osteogenic characteristics and, due to this, it is the most favorable material for maxillary sinus lift [17] [18] [19] [20] . Some authors have proposed the mixture of biomaterials to the autogenous bone graft to increase the graft volume without removing large amounts of bone from the donor sites. Besides these desirable results, this technique allows to perform the maxillary sinus bone augmentation using autogenous bone from the oral cavity under local anesthesia to add osteoinductive characteristics to the materials and improve the predictability of long-term resorption 2, 13, 17 . A study evaluated the bone formation and maturation in human maxillary sinus augmentation using ChronOS combined with autogenous bone graft in a 1:1 ratio, Bio-Oss added to autogenous bone graft in a 1:1 ratio and autogenous bone graft alone.
The outcomes showed similar bone formation in the autogenous and ChronOS groups. However, the group grafted with Bio-Oss added to autogenous bone graft in a 1:1 ratio showed slow resorption of graft particles with discrepant outcomes compared with autogenous bone graft alone 21 .
Bioactive glass ceramic is a biomaterial characterized by its potential for osteoconduction, resistance, biocompatibility, and bioactivity, that is, the ability to bind to the tissues 3, 29 . When implanted in vivo, the bioactive glass forms a layer of silicarich gel on its surface and above this, a layer of calcium and phosphorus. The calcium and phosphorus layer are considered essential for the adhesion of collagen fibers and differentiation of osteopromising cells on the surface of the material 12, 14, 23 . The main advantages of bioactive glass are the fact that it is an absorbable synthetic material, free from risks of disease transmission or immunological responses and an aid in hemostasis 10 . Bioglass is in clinical use in the form of fine particulate, dense blocks, scaffolds and granulates of various sizes for bone defect filling and orthopedic applications 1 .
The applicability of this bone substitute has been evaluated in some studies, which showed good results when it was used as a bone substitute in maxillary sinus lift procedures 26, 27, 30 .
In addition to the histological evaluation, the immunohistochemical analysis may provide a better understanding of the cellular events in the period of bone repair associated with the biomaterials, allowing the identification of specific proteins during this process. In this context, the use of immunolabeling for TRAP (tartrate-resistant acid phosphatase) allows the observation of osteoclast activity on the bone surface during the remodeling process in the graft 3, 11 .
Few studies evaluated the clinical behavior of bioactive glass ceramic in the maxillary sinus bone augmentation, but there is a shortage of researches that evaluates the cellular behavior and its volumetric changes when associated with the autogenous bone 3, 5, 15, [25] [26] [27] . Regarding these considerations, the purpose of this study was to perform the During week 1, all patients were medicated with paracetamol 500 mg four times per day to reduce pain and amoxicillin 500 mg three times per day (both produced by EMS, São Paulo, SP, Brazil).
One patient from group 1 (unilateral graft) was infected during the post-operative period and was excluded from the research. After 6 months, when all patients were invited to the harvest of the samples and dental implant placement, two patients from group 1 (bilateral graft) and one patient from group 2 (unilateral graft) did not return. Thus, the analysis of this study included nine sinuses from group 1 and twelve from group 2.
Histomorphometric analysis
Biopsy samples were collected at the time of dental implant placement with a 3.0x15 mm trephine bur (MK Life; Porto Alegre, RS, Brazil) and stored in a 10% formalin solution (pH 7) for 48 h. The samples were stored in a manner to guide the apical orientation, then they were washed in running water for 24 h and decalcified in an EDTA solution for 4 weeks. The solution was changed weekly. Next, the samples were embedded in paraffin following the apical orientation, sliced to a thickness of 5 µm, placed on slides, and stained with hematoxylin and eosin. The biopsies were evaluated by light microscopy, and the images were captured using the attached digital camera (JVC TK1270 Color Video Camera) in x12.5 magnification.
Each biopsy was codified in three regions: pristine of osteoblasts in the periphery (Figures 3A, 3B, and   3C ). No statistical significance in bone formation was found between the two groups, as well as among the three regions within each group (p>0.05) ( Table 1) ( Figure 4 ). After these results, the hypothesis h0 was accepted and h1 was denied.
Immunochemistry A single evaluator assigned the scores for the protein probed in the two groups. For TRAP, a low ("1") level of osteoclast-specific staining presented in both groups, indicated that these two biomaterials were in a remodeling phase ( Figure 5 ). This protein stained multinucleated cells on bone surface or on bone periphery (Figures 6 and 7) . This study was performed with only three patients, harvesting the samples in three periods (after four months, after six months, and after 15 months). The 
